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SUMMARY 


The  Infrared  spectra  of  mulled  renal  calculi  are  useful  in  the  quali- 
tative identification  of  the  components  of  stones.  An  identification 
template  with  the  most  common  components  of  renal  calculi  is  helpful. 
Permanent  analTtical  records  may  be  obtained  from  small  Ban5)les  (5  rg) 
in  a short  time. 


INTRODUCTION 


The  importemce  of  a knowledge  of  the  chemical  composition  of  renal 
calculi  is  accepted  generally (6) . Reliable  analytical  information  is 
fundamental  for  a study  of  the  etiology  of  stone  formation  and  is  absolute- 
ly necessary  for  planning  medical  regimens.  While  the  classical  chemical 
analysis  is  confronted  w'th  a number  of  difficulties  in  establishing  the 
ccaqjcsition  of  stones,  two  physical  methods  have  recently  been  found  to  be 
most  helpful  in  this  effort:  the  optical  and  the  X-ray  methodo,  discussed 

by  Prien  and  Frondel(7)« 

The  widespread  ac..eptance  of  the  infrared  spectroscopy  as  an  analyti- 
cal research  tool  in  many  industrial  laboratories  suggested  its  use  as  a 
new  method  for  the  analysis  of  renal  calculi.  Inf reaped  spectroscopy  had 
already  been  used  successfully  in  a similar*  application,  the  determination 
of  mineral  constituents  of  rocks(2,3,4) . The  speed  and  accuracy  combined 
with  the  convenience  of  the  commercially  available  infrared  spectrometers 
strongly  recommend  their  application  in  the  clinical  laboratory. 

PROCEDURE  FOR  INFRARED  ANAUSIS 


A double  beam  recording  infrared  spectrophotometer  from  the  Perkin- 
Elmer  Corporation,  Norwalk,  Connecticut,  was  used  in  these  studies.  The 
Infrared  radiation  emitted  from  a Nemst  glower  leaves  the  glower  housing 
at  the  right  side  of  the  Instrument  in  tht  form  of  two  parallel  beams  of 
equal  intensity.  One  beam  passes  through  the  sanple  and  the  other  beam 
serves  to  cooQjensate  the  absorption  of  infrared  radiation  by  water  vapor 
and  carbon  dioxide  on  the  way  from  the  source  to  the  monochromator  which 
is  housed  under  the  recording  drum.  The  infrared  spectrum  from  2 to  15 
microns  wave-lengths  can  be  recorded  with  a sodium  chloride  prism  in  the 
monochromator.  The  pen  system  of  the  recorder  indicates  directly  the 
transmittance  in  percent  transmission  of  the  sainple.  Usually,  the  spectra 
were  scanned  from  2 to  15  microns  in  20  minutes.  This  time  can  be  short- 
ened if  necessary. 

The  samples  vere  prepared  by  the  mulling  technique,  A small  piece  of 
a calcxilus  or  a sample  of  a reference  substance  was  ground  with  the  nulling 
agent,  usueilly  mineral  oil  (Nujol),  to  form  a paste  with  a very  fine 
particle  size.  This  paste  was  squeezed  between  two  windows  of  the  microcell 
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to  a desired  thlcknesB.  This  thickness  cannot  he  controlled  accurately, 
but  vlth  some  practice  adeqxiate  sanple  films  can  he  produced  for  qxiallta- 
tlve  and  semi- quantitative  analysis.  Less  than  ^ mg  solid  svihstance  are 
adequate  to  cover  the  exposed  area.  The  sanple  can  he  recovered  after 
the  test  if  necessary. 

The  renal  calculi  examined  hy  this  method  vere  of  recent  origin 
not  museum  specimens.  They  were  chemically  analyzed  hy  the  usual  methods. 
In  addition  Infrared  spectra  of  characteristic  cooiponents  of  renal  calculi 
served  as  references.  Seme  of  these  reference  materials,  such  as  calclim 
oxalate  monohydrate,  dlhaslc  calolm  phosphate  dlhydrate,  tertiary  calcium 
Xdiosphate,  uric  acid  and  cystine  veze  used  In  the  form  of  cooaaerclally 
available  products  of  hlj^st  pvu:lty.  Other  materials  vere  synthesized. 
Magnesium  amaonivoa  phosphate  was  prepared  hy  the  method  usually  applied 
in  analytical  chemistry  to  determine  magnesium  or  phosphorous.  Hydroxy 
apatite  was  gained  from  a neutral  calcium  chloride  solution  mixed  with 
aomonium  phosphate  in  the  presence  of  ammonium  chloride  and  eumnonla.  The 
precipitate  %ras  analyzed  after  a week's  crystallization  time.  For  the 
preparation  of  carhonate  apatite  an  addition  of  ammonium  carbonate  was 
made  to  the  a\d)8tances  forming  hydroxy  apatite.  The  monohydrate  of 
calcium  cacalate  was  prepared  following  Schmidt  (9)  as  precipitate  from 
a neutral  solution  of  cal  dm  chloride  hy  an  excess  of  ammonlm  oxalate. 
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The  Infrared  spectra  of  four  renal  calculi  are  reproduced  (fig.  l). 
They  represent  a selection  of  a greater  number  of  similar  spectra  of 
calculi  which  had  been  analyzed  previously  by  chemical  methods.  Such  a 
collection  of  Infrared  spectra  of  azialyzed  stones  served  as  refe'rence  in 
the  Identification  of  unknown  stones.  An  identification  teoplate  (fig.  2) 
in  which  the  infrared  spectra  of  the  major  components  of  rerwl  calculi  are 
assembled,  was  of  further  help  in  the  identification  of  the  components 
which  are  usually  found  in  renal  calculi.  The  spectra  in  this  template 
were  gsdned  from  coonerclally  available  pure  chemicals  or  products 
synthesized  as  described  above.  These  spectra  vere  verified  hy  compari- 
son with  published  data  (apatite  (4),  calclvim  hydrogen  phosphate  (^), 
phosphorus  ooiflpo\n>ds(l),  calcium  oxalate  monohydrate  (3);  uric  acld(8), 
oystlne(8)). 

The  ohemloai  analysis  of  the  calcium  oxalate  stone  (fig.  1)  indicat- 
ed a small  but  definite  aaoxint  of  phosphorous  which  corresponded  to  an 
apatite  concentration  of  below  1^,  The  presence  of  apatite  is  notice- 
able by  a slii^  dip  of  the  spectral  curve  around  9*^  microns.  The  vide 
absorption  baud  of  phosphates  between  9 and  10  microns  limits  the  minimal 
saaount  of  apatite  which  can  he  recognized  In  a mixture  to  abo\zt  one 
peroenct. 
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According  to  chamlcal  analysis  the  calcluxa  ozalate-calclum  phosphate 
stoxte  (fig.  1)  vas  a mixture  of  equal  parts  of  calcium  oxalate  and 
calcium  phosphate  In  the  form  of  hydroxy  apatite.  The  intensities  of  the 
ahsozptlon  mTltna  characteristic  for  the  tvo  cooponents  vary  In  blnazy 
stones  according  to  proportion  of  the  components  In  the  mixtiire.  With 
some  esQwrlence  seml-qxiantltatlve  conclusions  about  the  composition  of 
the  blnaxy  mixtures  can  be  reached.  Further  Information  about  the  qvtantl- 
tatlve  evaluation  of  the  Infrared  spectra  of  stones  vUl  be  discussed 
later. 

The  chemical  analysis  of  the  third  stone  (fig.  1 ) gave  a composition 
of  8^  magneslm  aamonlimi  phosphate  and  about  10^  calcivoa  oxe^ate  vlth  a 
rest  of  ^ xinldentlfled.  The  of  the  absorption  of  magneslvm 

ammonium  phosphate  Is  slightly  shifted  to  longer  wavelength  compared 
vlth  the  maximum  found  In  the  spectra  of  apatite.  This  shift  Is  suf- 
ficient to  Identify  the  presence  of  magneslimt  ammonium  phosphate.  The 
close  proximity  of  the  broed  of  absorption  of  the  tvo  phosphates 

makes  the  detection  of  a small  aiooimt  of  one  ccoponent  in  the  presence  of 
a large  amoinxt  of  the  other  component  difficult.  However,  ^ percent  of 
apatite  could  be  detected  In  a magnesium  ammonium  phosphate  stone. 

The  stone  mixed  of  cystine  and  uric  acid  (fig.  1)  represents  an 
exaaqple  of  the  convenient  Identification  of  calculi  vith  this  kind  of 
components.  The  chemical  analysis  of  this  stone  had  demonstrated  the 
presence  of  cystine  end  uric  acid  in  about  equal  amounts. 

DISCUSSION 

The  empirical  qualitative  Identification  of  urinary  calculi  by  Infra- 
red analysis  follows  the  general  principle  of  comparing  their  spectra 
vlth  the  spectra  of  Imown  compoiinds.  Certain  limitations  of  this  proce- 
dure as  far  as  they  concern  the  analysis  of  urinary  calculi  have  to  be 
dlscxissed. 

A separation  of  the  mono-  and  di-hydrate  of  calciimi  oxalate  vhlch 
Is  easily  accomplished  by  optical  analysis  In  the  visible  light,  vas  not 
yet  possible  by  Infrared  analysis.  The  synthesized  pure  hydrates.  In- 
cluding the  trl-hydrate,  shoved  the  same  infrared  absorption  spectra. 

The  absorption  bands  observed  in  the  spectxooa  from  2 to  1^  microns  are 
connected  vlth  vibrations  inside  the  oxalate  anion  and  the  vater  molecules. 
Vibrations  betveen  the  calcium  ion  and  the  oxalate  Ion  or  the  vater  mole- 
cules and  the  two  Ions  vhlch  could  be  used  for  an  Identification  of  the 
different  hydrates  are  located  in  the  far  Infrared,  umaccesslble  to  the 
instrument  used  in  this  study. 


3 


The  phosphate  spectra  of  urlxiaiy  cal  evil  1 also  zieed  scce  discussion. 

The  BSUElanm  of  the  absorption  at  about  10  microns  is  connected  with  vibra- 
tions Inside  the  PC^-grovro.  These  vibrations  are  not  Influenced  notlce- 
ebly  by  the  presence  of  an  QH-group  in  the  slightly  basic  calcium  phosphate 
vith  apatite  lattice.  Synthetic  hydro:^  apatite  and  commercial  tertlaxy 
calclvim  phosphate  shoved  practically  the  same  Infrared  absorption.  The 
Inflvience  of  the  OQ-group  on  the  rest  of  the  anion  in  the  hydroxy  apatite 
may  be  concealed  by  the  vide  extension  of  the  maTlmum  at  10  microns.  Since 
it  was  established  by  X-ray  studles(2)  that  the  PQi^-group  in  calcium  salts 
of  renal  calculi  is  present  in  the  form,  of  a beisic  calclvnn  phosphate,  an 
absorption  maximum  at  9*6^  microns  is  considered  an  indication  of  the 

presence  of  l^rdro:^  apatite. 

/ 

Flgvire  1 includes  the  Infrared  absorption  spectrum  of  synthesized 
carbonate  apatite.  The  broad  maximum  at  7*1  microns  and  weaker  at 

11.4  and  13.9  cbaracterlstlc  for  the  presence  of  calcium  carbonate, 
very  likely  bound  in  the  stone  In  the  form  of  apatite.  The  carbonate 
ax>atlte  spectrum  may  be  considered  as  a superlinposition  of  the  absorptlim 
spectra  of  tertiary  calcium  phosphate  and  calcivim  carbonate.  No  mutual 
influence  of  the  POi^  and  CO^  -ion  in  the  apatite  molecule  could  be  observed 
in  the  Infrared  spectra. 

The  Influence  of  the  cations  on  the  position  of  the  PC^- absorption 
maximum  is  veil  observable.  The  dislocation  of  the  PC^-maximum  from  9.6^ 
microns  for  the  calcium  coi^povmd  to  10  microns  in  the  magnesium  ammonium 
phosphate  vas  already  mentioned  as  a means  to  distinguish  between  these 
two  compovinds.  Soiae  weaker  absorption  maxicia  in  the  infrared  spectrum  of 
magnesium  aB>K>nium  phosidiate  can  be  associated  with  vibrations  inside  the 
NH^-grovqp.  They  mey  serve  as  further  means  of  Identlflcatinn  of  magnesium 
amsonlvim  phosphate. 

The  spectrum  of  calcium  hydrogen  phosphate  dihydrate  (secondary  calcium 
phosphate)  readily  distinguishes  this  compound  from  the  tertlaxy  phosphate. 
T3xe  template  (fig.  2)  shews  a broad  absorption  maximum  with  several  sub- 
maxima.  Since  CaEPOij.  is  a rather  unconsnon  phosphate  in  vurinary  calcvO.1  no 
stones  vith  this  compound  were  availsble  for  analysis. 

The  compounds,  cystine  and  uric  acid,  can  be  easily  recognized  by  the 
great  number  and  the  x>ositlon  of  the  sharp  maxima  in  the  Infxared  spectrum 
of  renal  calculi. 

The  infrared  spectra  of  all  calculi  were  carefully  searched  for  the 
presence  of  absozptlon  maxima  which  could  have  been  associated  vith  the 
presence  of  organic  matrix  substance.  The  failure  in  finding  a s.oectrvmi 
of  such  a substaixce  is  vmderstandable  considering  the  small  amounts  and  the 
poor  chemical  characterization  in  tdilch  these  sitbstances  can  be  expected. 
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Summarizing  the  atteiqpts  of  a qualitative  analysis  of  renal  calculi 
by  infrared  spectroscopy  the  following  considerations  may  be  appropriate. 
In  the  infrared  range  of  2 to  15  microns  the  main  Interest  concentrates 
on  the  "internal"  vibrations  of  i>olyatoialc  ions.  These  are  essentially 
due  to  vibrations  of  atoms  relative  to  a central  mass  which  my  be  con- 
sidered at  rest,  m the  case  of  the  PCH^  or  CO^  -ions  the  central  P or  C - 
atom  is  at  rest  and  the  0-atoms  vibrate  relative  to  the  central  atoms. 
These  vibrations  are  responsible  for  the  broad  maxima  observed.  They 
may  be  modified  by  other  atoms  or  ions  In  the  lattice  as  in  the  case  of 
magnesium  ammonium  phosphate.  The  "lattice"  vibrations  in  which  the  metal 
ion  vibrates  In  relation  to  the  conq)lex  anion  cannot  be  observed  in  the 
spectral  range  used  in  these  exi>erlmsnts.  Under  these  conditions  the 
infrared  spectrum  furnishes  information  essentially  about  the  anions 
present  in  stones,  modified  to  seme  extent  by  the  cations.  This  informa- 
tion cociblned  with  the  knowledge  already  available  from  X-ray  studies  of 
the  lattice  arrangement  of  aniono  and  cations  In  calculi  is  sufficient 
to  evaluate  the  spectrum  effectively. 

Cos5)ared  with  all  the  other  methods  used  in  stone  anr''ysis  the  infra- 
red cmalysls  furnishes  a permement  record  in  a very  short  uime.  No 
special  training  or  skill  is  necessary  to  handle  the  Infrared  spectro- 
photometer. It  is  an  ideal  method  for  analyzing  small  fractions  of 
calcvill  in  a short  time.  To  the  extent  to  which  other  clinical  applica- 
tions of  the  infrared  method  will  be  worked  out  more  instruments  will  be 
available  in  clinical  laboratories  to  meet  the  need  of  the  urologist  in 
routine  analysis. 

In  the  near  future  the  instrument  will  also  furnish  reliable  quanti- 
tative Information  on  the  coc^>osltion  of  solid  materials.  In  a laew  pro- 
cedure the  stoikee  or  parte  of  them,  will  be  ground  to  a fine  powder.  A 
known  quantity  of  this  powder  will  be  mixed  with  solid  potassium  bromide 
and  pressed  to  form  a platelett.  The  Ipfrared  spectrum  of  this  platelett 
will  give  quantitative  data  for  the  conqposltion  of  stones.  The  informa- 
tion gained  in  the  above  described  mulling  technique  is  only  semi- 
quantitative.  However,  it  will  in  many  cases  already  satisfy  the  needs 
of  the  urologist. 

The  author  is  li^ebted  to  Crs.  A.  J.  Butt  and  B.  E.  lieonard  for 
the  stone  specimens  and  their  interest,  and  to  W.  E.  Harold  for  technical 
assistance. 
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Figure  1. 

CosnparlBon  of  izxfrared  epectra  of  four  renal  calcu].l 


Figure  2. 

Identification  template  vith  the  long  wave  length  region 
of  Infrared  spectra  of  major  components  of  renal  calculi. 
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